A population-based database of 1263 consecutive patients who underwent microendoscopic diskectomy for single-level lumbar disk herniation between 2005 and 2010 was retrospectively analyzed to identify causes and characteristics of reoperation and associated risk factors. A total of 952 patients were eligible. Of these, 58 had revision spinal surgery. Causes and clinical parameters were retrospectively assessed, and possible risk factors were evaluated by multivariate logistic regression analysis. In total, 76 disk herniations were excised with revision diskectomy, with or without interbody fusion. The overall mean interval between primary surgery and revision surgery was 39.05 months (range, 2-95 months). Cumulative overall reoperation rates gradually increased from 1.56% at 1 year to 8.17% after nearly 10 years. Reoperated patients were older and had a higher level of lumbar degeneration, with severe Modic changes (type 1, 17.2%; type 2, 34.5%), vs patients without reoperation (type 1, 1.5%; type 2, 30.6%). In addition, patients with reoperation had a higher rate of obvious adjacent disk degeneration (81.1%). Logistic regression analysis showed that adjacent segment degeneration and Pfirrmann grading for disk degeneration were significant risk factors for reoperation after primary microendoscopic diskectomy (odds ratios, 2.448 and 1.510, respectively). The current study reported a relatively low incidence of reoperation after primary microendoscopic diskectomy. Adjacent segment degeneration and Pfirrmann grading for disk degeneration were identified as risk factors for reoperation after microendoscopic diskectomy to treat lumbar disk herniation. Treatment options for patients with these factors at the first visit should be carefully evaluated. [Orthopedics. 2015; 38(6):e490-e496.] 
M icrodiskectomy and minimal diskectomy for lumbar disk herniation have success rates of approximately 90% and decrease surgical exposure and trauma compared with operative diskectomy. In a series of these options (including chemonucleolysis; manual, automated, and laser percutaneous diskectomy; and microendoscopic diskectomy), microendoscopic diskectomy had lasting benefits in numerous cases. 1, 2 Although the learning curve is arguably steeper, microendoscopic diskectomy allows for high-definition visualization through a small skin incision. However, studies reported a reoperation rate of 2.5% to 12.7%. [3] [4] [5] The most common reason for revision surgery was recurrent disk herniation. In 74% of cases, reoperation occurs within 6 months after the primary operation. Several diskectomy-related conditions can also lead to revision surgery, including scar, adhesive arachnoiditis, infection, epidural hematoma, pseudomeningocele, and other complications. Good outcomes depend on proper patient selection. 6, 7 Although risk factors have been established for reoperation after surgery to treat lumbar disk herniation, unfortunately, the underlying risk factors are controversial. [8] [9] [10] [11] The current study retrospectively reviewed the authors' experience to investigate the rate of reoperation after microendoscopic diskectomy. The authors also sought to identify specific risk factors associated with revision surgery and characterize their role in determining eligible types of revision surgery.
Materials and Methods

Participants
This retrospective study initially included a consecutive cohort of 1263 patients who underwent single-level microendoscopic diskectomy for lumbar disk herniation between January 2005 and December 2010 at the Department of Orthopedics of the Affiliated ZhongDa Hospital of Southeast University. Patients were treated by 3 senior surgeons according to standard clinical procedures for lumbar disk herniation. The authors retrospectively reviewed the medical records of all patients in the cohort and attempted to contact the patients to assess their satisfaction with treatment and determine whether they underwent revision surgery for recurrent or persistent lumbar symptoms. Patients were excluded for the following reasons: (1) if they died before the follow-up time point of causes unrelated to their surgery; (2) if follow-up was incomplete; or (3) if sociodemographic information and/or radiologic images were missing.
Outcome Measures
Clinical characteristics (age, sex, occupation, weight, smoking history, duration of symptoms, duration of surgery, and blood loss) were obtained from patients' records and evaluated for a variety of demographic features. Patients who underwent revision surgery for recurrent herniation, epidural scar or adhesive arachnoiditis, lumbar instability, or other causes were also assessed, especially for the following clinical parameters: reason for reoperation, interval between primary surgery and revision surgery, and surgical method. Preoperative imaging studies (radiograph, computed tomography scan, or magnetic resonance imaging scan), obtained both before the initial surgery and before reoperation, were reviewed and analyzed to evaluate the level, laterality, and type of lumbar disk herniation as well as degenerative changes at or adjacent to the operative level. 12 Based on T1-and T2-weighted magnetic resonance images, an 8-level modified Pfirrmann grading system and a 3-level Modic change grading system were used to evaluate lumbar intervertebral disk degeneration and a 4-point scale was used to grade the severity of osteoarthritis of the lumbar facet joints. [13] [14] [15] Additionally, adjacent segment degeneration was estimated with 3 scales to indicate severity: grade 0, no or slight signal change of the nucleus, distinct between the inner and outer fibers of the annulus, with no height loss of the disk; grade 1, mildly hyperintense nucleus, indistinct between the inner and outer fibers of the annulus, with no height loss of the disk; and grade 2, hyperintense nucleus, indistinct between the inner and outer fibers of the annulus, with height loss of the disk. A higher grade was recorded if degeneration of both the upper and the lower adjacent segment was detected.
Surgical Technique
All microendoscopic diskectomy procedures were performed with the same surgical technique under epidural anesthesia with the METRx system (Medtronic Sofamor Danek, Memphis, Tennessee). Flavectomy was completed with a standard longitudinal splitting approach, and laminotomy was performed with a curette with an upward angle and a Kerrison punch to expose the dura and traversing nerve roots clearly. Subsequently, nerve root retraction and diskectomy were performed to remove loose pieces in the disk space with a pituitary rongeur.
Statistical Analysis
All continuous data were presented as mean±SD, and all categorical data were expressed as a percentage or number. Statistical analysis for comparison of clinical features between patients undergoing reoperation and those not undergoing reoperation was performed with unpaired Student's t test, chi-square test, or nonparametric Kruskal-Wallis test. Stepwise multivariate log-binomial analysis was used to examine the association between risk factors and reoperation, adjusting for confounding risk factors. The model included risk factors that the study investigators considered important in contributing to reoperation, those that were known confounders, and those that had univariate association of P<. 15 . A Kaplan-Meier estimate was performed to generate the cumulative proportion of reoperation rates. Statistical analysis was performed with SPSS, version 13.0 software (SPSS Inc, Chicago, Illinois), with hypothesis testing using a 2-tailed test of significance and an alpha level of P<.05.
results
Patient Population
Between 2005 and 2010, a total of 1263 patients underwent microendoscopic diskectomy for lumbar disk herniation at a single spine center. Of these patients, 311 were excluded because they did not return for follow-up (11.24%), they had incomplete radiologic images and/or sociodemographic characteristics (13.06%), or they died of unrelated causes before the follow-up time point (0.31%). As a result, 952 patients were included in the current study (75.38%). Of these, 58 patients underwent revision surgery for severe recurrent or persistent symptoms.
Single Factor Comparison
The demographic features of patients undergoing a single operation or reoperation at the time of initial microendoscopic diskectomy are summarized and compared in Table 1 . Analysis showed a significant difference between groups in age, Pfirrmann grading for disk degeneration, Modic changes, and adjacent segment degeneration (P<.05). Not surprisingly, 
Logistic Regression Analysis
Results of the multivariate logistic regression model to identify statistically significant risk factors with relative risk values and confidence intervals for reoperation are listed in Table 2 . Of all assumed risk factors, adjacent segment degeneration on initial magnetic resonance imaging scan had a stronger association with reoperation (odds ratio, 2.448; 95% confidence interval, 1.537-3.898) and was validated as statistically significant. Pfirrmann grading for disk degeneration significantly increased the risk of reoperation (odds ratio, 1.510). Other factors, including age, duration of symptoms, level of lumbar disk herniation, Modic changes, and facet joint degeneration, were excluded by stepwise multivariate logistic regression.
Characteristics of Reoperation
In total, 76 disk herniations were treated with revision surgery and were most frequently resected from the L4-L5 level and subsequently from the L5-S1 level. Recurrent disk herniation and epidural scar accounted for 55.17% of revision surgeries; 14 were at the same disk level and 18 were new herniations at a different disk level than the primary herniation. Other reasons for reoperation included lumbar instability (29.31%), lumbar stenosis (6.90%), and spondylolisthesis (5.17%). Of the 58 patients who underwent reoperation, 10 had open diskectomy or secondary microendoscopic diskectomy, 2 had open diskectomy plus interspinous dynamic stabilization device implantation, and 46 had posterior lumbar interbody fusion or transforaminal lumbar interbody fusion for segmental instability or displacement. The overall mean interval between primary surgery and revision surgery was 39.05 months (range, 2-95 months), and 24.15% of reoperations were performed within 1 year after primary microendoscopic diskectomy (Table 3). Kaplan-Meier analysis for overall reoperation rates of the follow-up period is shown in the Figure, with the 95% confidence interval. Cumulative overall reoperation rates at 1, 3, and 5 years were 1.56%, 2.74%, and 5.23%, respectively, and gradually increased to 8.17% after nearly 10 years ( Figure) . 
discussion
Microendoscopic diskectomy combines the benefits of microdiskectomy and open diskectomy, enabling surgeons to successfully address free-fragment disk pathologic factors and lateral recess stenosis. Depending on surgeon experience, patient selection criteria for microendoscopic diskectomy were expanded. In some cases, contraindications were ignored. Examples included double-level lumbar disk herniation, lumbar disk herniation with a single stenotic segment, and lumbar disk herniation with calcification of the posterior longitudinal ligament or ossification of fibrocartilage. Previous studies emphasized that strict adherence to welldefined preoperative selection criteria ensures optimal postoperative outcomes and that microendoscopic diskectomy in inappropriate patients may lead to reoperation. 16 However, risk factors for reoperation after primary microendoscopic diskectomy are controversial because studies were conducted with variable population databases. The current study retrospectively reviewed the authors' experience to investigate the rate of reoperation after microendoscopic diskectomy. Additionally, the authors identified specific risk factors associated with revision surgery and characterized their roles in determining eligible types of revision surgery.
Reported reoperation rates after microendoscopic diskectomy are 2.5% to 12.7%. 1, 2, 4 In this preliminary study, only 20 (2.4%) of 821 patients required reoperation at a mean follow-up of 28 months after microendoscopic diskectomy, and the mean duration between primary operation and reoperation was 1.5 years. 5 Teli et al 17 found that 15 of 240 such patients underwent additional surgery, with an average interval of 15 weeks. In a 5-year, long-term follow-up study by Casal-Moro et al, 4 9 patients (7.5%) underwent reoperation after microendoscopic diskectomy for periradicular fibrosis and recurrence of lumbar disk herniation. In the current study, in a series of 952 patients, 58 patients underwent revision surgery by the follow-up time point. The cumulative overall reoperation rate gradually increased to 8.17% after nearly 10 years, which is comparable to that observed in previous studies. 4 The mean interval between primary and revision surgeries was 39.05 months. Only 24.24% of reoperations were performed within 1 year after primary surgery, which was inconsistent with previous reports that indicated that more than half occurred within 1 year. A possible explanation is that real recurrent herniation mainly accounts for earlier reoperation because of the bidimensional version of microendoscopic diskectomy. The authors performed aggressive diskectomy to remove the herniated disk, which would significantly reduce the rate of recurrent herniation, especially early recurrent herniation (within 0.5 year). No Level I studies have recommended a favorable option, aggressive diskectomy or limited diskectomy, for the treatment of primary disk herniation. Compared with limited diskectomy, aggressive diskectomy may result in a decreased incidence of recurrent disk herniation but may be associated with accelerated lumbar degeneration and more back and leg pain. 18 Factors associated with reoperation after diskectomy were reported in several studies and include limited diskectomy rather than aggressive diskectomy, larger annular defects, nonobesity, greater disk height, and sagittal range of motion. In contrast, Häkkinen et al 9 found no specific factors that affected the risk of reoperation in patients followed up for 5 years after diskectomy. 9 In the current study, multiple logistic regression analysis suggested that adjacent segment degeneration is an important risk factor for reoperation (P<.001). Tang and Rebholz 19 developed a 3-dimensional finite element model and showed that performing lumbar microdiskectomy in a mildly degenerated disk may have biomechanical effects at the adjacent motion segment that aggravate disk degeneration. Primary microendoscopic diskectomy may affect stress and mobility of the adjacent motion segment and accelerate degeneration, contributing to failed back surgery syndrome and requiring reoperation. Although the mechanism is unknown, on average, patients with adjacent disk degeneration were more likely to undergo reoperation after microendoscopic diskectomy.
Additional risk factors include Pfirrmann grade for disk degeneration (odds ratio, 1.510; 95% confidence interval, 1.071-2.125). Dora et al 20 showed that low-grade disk degeneration (grades 1-3) is an important risk factor for recurrent disk herniation. These findings were in agreement with Yorimitsu et al, 21 who reported that patients with preserved disk height before initial surgery generally had a favorable initial result but a high risk of recurrent disk herniation. The current study contradicted these findings and showed that reoperation occurred more often with severe disk degeneration. There are several possible reasons. First, patients enrolled in the current study had additional abnormalities, such as lateral stenosis, narrowed intervertebral foramina, a degenerated facet joint, or undetected lumbar instability. Second, previous studies focused on recurrent disk herniation but not total reoperation. Third, additional cofounding factors, such as the morphologic features of disk herniation, the clinical characteristics of patients, and the surgical procedure itself, may be risk factors for reoperation that were not included in some studies.
Additional risk factors may include Modic changes. Some studies have focused on whether Modic changes are associated with an unfavorable outcome. [22] [23] [24] Chin et al 22 reported a trend toward greater improvement in patients without Modic changes. Sørlie et al 24 found that patients with Modic type 1 changes had less improvement in back pain 12 months after lumbar diskectomy compared with those who had no or other types of Modic changes. Ohtori et al 23 compared the improvement in low back pain score in patients with or without Modic type I changes, but found no statistically significant difference. [22] [23] [24] These studies showed that Modic changes (especially Modic type 1 changes) had a negative effect on improvement in back pain after surgery, which may lead to an increased need for frequent re-treatment. However, these studies did not examine the relationship between Modic changes and reoperation after lumbar diskectomy. In the current study, although logistic regression analysis suggested that Modic changes were not among the risk factors for reoperation, compared with patients without reoperation, patients undergoing reoperation had a higher rate of preoperative Modic changes before primary microendoscopic diskectomy, especially the rate of Modic type 1 changes (17.2% vs 1.5%). When this result is considered in light of the generally accepted belief that Modic type 1 changes are strong markers of biomechanical instability whereas type 2 changes reflect a more biomechanically stable environment, [25] [26] [27] microendoscopic diskectomy may lead to an accelerated transition from segmental instability to fixed deformity in the operated disk. Rahme et al 28 validated that most patients have Modic changes, particularly type 2 changes, at the operated level after lumbar diskectomy but did not prove that either the preoperative presence of Modic changes or their postoperative course affected the final clinical outcome.
Potential problems associated with revision surgery include increased incidence of dural laceration and nerve root injury, unresolved symptoms, accelerated adjacent segment degeneration, and an increased incidence of the need for reoperation. To minimize the potential challenges associated with revision surgery, surgeons often use an aggressive approach to obtain wide exposure and reconstruct lumbar stability. However, this approach may result in a higher rate of failed back surgery syndrome. Some studies reported that less invasive and less morbid options, including secondary microendoscopic diskectomy, interspinous decompression, and minimally invasive lumbar interbody fusion, are at least as effective as aggressive approaches. 29 A rational choice of surgical procedure depends on strict selection of patients who may benefit from a second surgery and comprehensive evaluation of clinical and radiologic parameters.
conclusion
The current study reported a relatively low incidence of reoperation after microendoscopic diskectomy. The factors that contributed to reoperation may not be comparable to the findings of other studies because the current authors used an aggressive strategy during primary microendoscopic diskectomy. Compared with patients who did not undergo reoperation, the reoperated patients were older, had a higher grade of lumbar degeneration, had more Modic changes, and had a higher rate of adjacent disk degeneration. Risk factor analysis showed that adjacent disk degeneration, Pfirrmann grading for the operated disk, may be associated with a high risk of reoperation after primary microendoscopic diskectomy. This finding can help surgeons and patients make surgical decisions. Given the limitation of retrospective data collection and incomplete analysis of possible confounding covariates, the study findings must be confirmed with future investigation that includes prospective enrollment of consecutive cases and a larger patient pool.
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